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Talk Outline

N

# \What's Energy Benchmarking Anyway?
# Techniques

# Complications

# Applications

# Tools

v For list, see: http://poet.Ibl.gov/cal-arch/links/




Familiar Benchmarks: 1Q

Lifs “High U101 Kespiag "t "Yours
LhapestsT Rick"” Baade Lp* | Ahcsd | b Lase™
& pop- e p 1 3. e M ol
Very explicic n relesials, Gathers, infers
| hands-te plus e gam iafommtion

Tezneng ¥, |I | I

Pocential: I i___ |.__i

Slow, timaple, Mavery lurming,

S ased hurats-om
E-l-fﬂfl b Clerik, 1eller
poecatial; Wodive officer

Machinadl sades

WALS 10 0 B5 9 98 00 108
| I — | I

WPT wore:®  § 5 I 13 g 17 ) 13

NALS !
tl::-ﬁ 1 2 3 4 I

Whe adubis {cumm S5
appliganis® | 2 L 4 M4 2 W 4 66 Kl 57 0wy
alladels? 2 4 7 13 2 3 46 60 7 EX 5 9%

9%
47




Benchmarks are Everywhere
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Huggies: Diaper Size as “logit”
Functlon of Child Weight

Nice chart; dubious value in real world
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Why Benchmark?

# Establish baseline and
track performance

# Validate design

# |dentify maintenance
and control problems

# |dentify best practices;
set goals or standards

# |dentify savings
potential

# Prioritize efforts
# Educate; Inspire!




Familiar Energy Benchmarks ...

...Fundamental differences in approach
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Benchmarking Can Be Done

at Any Scale

N

* Global CO2/Capita

Carbon Dioxide emissions - annual tonnes per person
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Chiller Efficiency (kWW/Ton)

 Chiller efficiency




Choice of Benchmark
Determlnes Conclusions
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a0

Determines "Results” & Actions

Choice of Benchmark
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Approaches to Benchmarking

N

# Point-estimates (vs. population avg.)
# Statistical (bell curve; vs. population)
# Point-based (vs. best practice)

# Model-based (actual vs. efficient)

# Standardized (vs. test procedure)

Scope: self-referential; enterprise; stock
Timeframe: historic trends vs. current




Solomon EI

Lateral & Longitudinal:
‘e.g. Canadian Oil Refineries
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Decide What is Important
Before Benchmarking

N
¥

Figure 4.1 Average Fuel Economy of Residential Vehicles for Model Years
Through 1995
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Benchmarks Can Provide a
“Reality Check”: Data Centers

California Data Center owners claim a need of 250 W/{t2

Real data benchmarks the actual need between 10 and 100.

Currentand Projected Load Intensity

7 8 9 10 1112 13 14 15 16
Facility

mCurrent Computer Load mProjected Com puter Load
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Caveats & Pitfalls

# Intensity does not equal efficiency

# Hard to avoid apples-and-oranges
comparisons (want energy per unit of service)

# Normalization

v _weather School Site EUls

Histogram
v floor area 14
12
v Schedule

10

H School w/Pool
B School

v plug loads

Count

v indoor
conditions

v €energy price

o 3% E N )] co
L

0 20 40 60 80 100  More
Total EUI (kBtu/sf)




Examples from Hawail
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#Schools
v 32 Schools
v Average EUI: 5.9 kWh/ft2-year
v Range: 3.05 - 11.52 kWh/ft2-year

#Banks
v 49 Branches
v Average EUI: 20.07 kWh/ft2-year

v Range: 7.96 - 36.40 kWh/ft2-year
Source: HECO, Thomas D. Van Liew




Hawaii Commercial Buildings
Benchmarking Study

N

4 Offices: 22.82 kWh/ft?-y # Health Care: 24.83 kWh/ft2-y

# Lodging: 16.14 kWh/ft2-y # Retail: 25.50 kWh/ft2-y

: 2_
¢ Restaurants: 52.88 kWhITt™y o Apartments: 10.11 kwh/ kWh/ftz-y

4 Grocery Store: 53.05 kWh/ft2-y
# Warehouse: 6.76 kWh/ kWh/ft2-y

4 Education: 9.00 kWh/ft2-y
# Miscellaneous:

# University of Hawaii: 12.09 kWh/ kWh/ft?-y
13.82 KWh/ft?-y

Source: HECO, Thomas D. Van Liew



Fast

Food Restaurant EUIs:

Hawaill
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Energy Utilization Indices (EUls)
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Grocery Store Energy Intensities
Hawaii Average = 70.9 kWh/ft>-year

80.0
60.0 N _ = Cooling
] ] = m Fans/Pumps

40.0 _

T 0 Lighting
20.0 N 0 Refrigeration

0.0 EJ - i u B u m_ | ® Other/DHW
Daiei Star Foodland Safeway Average Market

Source: HECO, Thomas D. Van Liew



Energy Intensities

Energy per meal for 36 hotels, France

Std. Dev. 34% 27% 19% 32%
—— | average
12 *k*x —
10 || Sofitel 4* M Novotel *** Mercure 2/3
T 8 [l — SR B | [
£ 6 N Ay N . Ibis 2™
L
2 HH LB h | | T
; it

category | conservation cooking dishwashing total standard

of hotels kWh/meal kWh/meal kWh/meal kWh/meal deviation
2** 0.44 2.08 0.25 2.77 0.94
AR K i 3.81 3.89 0.25 7.95 2.18
3*** 3.67 3.99 0.21 7.86 1.47
4rrx 2.53 3.92 0.13 6.58 213

Source: Le Strat et al., (1999)



Choice of Indicator is Key

Energy per unit floor area Energy per meal
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Energy Use per Square Meter (MW h/m"2*year)
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Source: 1996 California Commercial End Use Survey
(Restaurant energy)



Choice of Indicator is Key

Annual Energy Consumption per square meter Energy Consumption per meal
‘ 01 lighting, motor&others @ other heat 1 space cooling m space heating ‘ ‘ O lighting,motor&others @ other heat i space cooling m space heating
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Source: The Energy Data and Modeling Center, 2001



Beyond “Apples & Oranges’:
Pippins and Granny Smiths

Energy Use per Meal in kWh

O Storage,Cooling and Washing Energy in Restaurant B Cooking Energy OlIndirect Energy Use (Production & Transport)

Green Salad (starter

( )

Mixed salad (starter)
( )
(

Rocket salad with parmesan (starter

Dried vegetables in olive oil (starter

) |
Antipasto Grande (ltalian starter)
Italian vegetable soup (starter)

Garlic bread (starter)

Big leaf salad

Mixed salad with fried pieces of trout |

Liver with Résti |

Vegetarian Samosas with salad

Spatzle Goreng with vegetables and chicken

Pasta with minced meat |

Viennese Schnitzel with vegetables and french fries |

Macaroni with cream,cheese and onions

Lamb filet (from NZ) with vegetables and french fries

Cheese ravioli with tomato sauce

Spaghetti with chicken, vegetables and cream |

Rosti with vegetables

Data for Switzerland. Source: Balmer and Hintermann, 2000



Cleanroom Energy Metrics

N

. eRecirculation air handler efficiency ecfm/kW
*Makeup air handler efficiency ecfm/kW
eAnnual energy cost per cleanroom square foot o$/ft?

*Annual fuel usage

*MBtu/ft>-yr

eAnnual electricity usage

kWh/ft2-yr

*Annual energy usage

sMBtu/ft>-yr

*Makeup air ocfm/ft?
eRecirculation air scfm/ft? or ach
Chiller efficiency *kW/ton
*Tower efficiency *kW/ton
*Condenser water pump efficiency *kW/ton
Chilled water pump efficiency *kW/ton
*Total chilled-water plant efficiency *kW/ton

*Hot water pumping efficiency *kW/MBtu
*Cooling load density oft?/ton

Tschudi and Xu, ASHRAE Transactions, KC-03-9-4 (2003)




Delivery of Service Levels
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11000 ¢
10000 ;

CFM /! KW (higher is better)

1000

Averages (cfm [ KW)

FFLU: 1864

8000

Ducted:; 1733
Pressurized Plenum; 5152

8000

7000 £

6000 £

5000 §
4000 §
3000
2000 £

|ﬁl/l

Fac. & Fac. A Fac B1 Fac. B Fac. B2 Fac. B2 Fac.C Fac.D Fac E FacE Fac.F Fac F Fac.F Fac. F
Class 10 Class Class Class Class Class Class Class 10 Class  Class Class 10 Clss 10 Class 10 Class
Press. 100 100 100 100 100 100 Duocted 100FFU 100 Press.  Press. Press. 10k
Plen. Press. Ducted FFU  Ducted FFU  Press Press. Plen. Plen. Pkn.

Flen. Plen. Plen.

Tschudi and Xu, ASHRAE Transactions, KC-03-9-4 (2003)




Some “Energy” Benchmarks
Don't Even Include Energy

N

L

700 £

Air Changes per Hour

Class 100: 94 - 278

600 +

Class 10: 385 - 501

Illllllll‘”l

Fac. A Fac A Fac.B1 Fac.B.1 Fac. B2 Fac.B.2 Fac.C Fac. D Fac. E Fac. E Fac.F Fac F Fac.F  Fac.F
Class 10 Class Class Class  Class Class Class Class 10 Class Class Class 10 Class 10 Class 10 Class
Press, 100 100 100 100 100 100 Cucted 100 FFL 100 Fress. Press. Press. 10k

Plen. Press. Ducted FFU  Ducted FFU  Press. Fress.  Plen Flen. Plen.
Flen, Plen. Flen,

Tschudi and Xu, ASHRAE Transactions, KC-03-9-4 (2003)




Cleanroom Chiller Efficiencies
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Air Cooled Average: 0.8 E\Witon

&
oo
1

Water Cooled Average: 0.62 kWiton |

&=
e

kW / ton (lower is better)

&2
Fa

'l"'!'l‘-l'-!l-lIlIl-

10i|r!!l|l----|--l-rli

Tschudi and Xu, ASHRAE Transactions, KC-03-9-4 (2003)

Water |Air Cooled|Air Cooled | Air Cooled|Air Cooled|  Water
Cooled 42F 40F 48F S0F Cooled
42F 40F
Fac. A Fac. B.1 | Fac.B.2 | Fac. B.2 Fac. B.2 Fac C

Water Water Water Water
Cooled Cooled Cooled Cooled
38F 36F 44F 43F
Fac. D Fac. E.1 Fac E.2 Fac. F




From Benchmarking to Best
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Practices

Laboratory Ventilation W/cfm
2.0 - 100
- Red marker on toggf the bar indicates Estimated Yalues
- - 80
1.5 |
[ 1 =
- - &0 ﬁ
1ol " B B e BB ; = standard
e B o
- Han T good
n )
" | e}
0.5 F better
- - 20
£ ,0 0
15 & 37 19 25 21 22 24 3 20 17 23 20 26
Facilities
B Peak Wicfm - Lab Area ¥

Standard, good, better benchmarks as defined in
‘How-low Can You go: Low-Pressure Drop Laboratory Design”
by Dale Sartor and John Weale, ASHRAE Journal




Benchmarks as Screening Tool

Annual gas expenditure saving if brought to the median value

Annualenergy consumption per student
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4 ENERGY STAR®

% YOUR HOME CONTRIBUTES TO
g THE QUALITY OF OUR ENVIRONMENT pri

e

HOME BUSINESS PARTNER +WHAT IS ENERGY STAR?
PRODUCTS IMPROVEMENT IMPROVEMENT | RESOURCES R AL L

r_'*

Home = Homea Improvament > Home Energy Yardstick

— Yardstick
L/
Home Ensray Home Energy Performance Results
Advisor
improve Your
Home .
+ Home Sealing Energy Performance Printable
+ Healing &
Cooling
Commaon Homa Your score is 7.7 out of 10
Improvemants
This means that about 23% of U.5. homes use Improving your Performance
less energy than yours. To improve your score and save energy you need
help to identify the most cost effective
Improving your score from 7.7 to 8.7 is improvements for your home. Here are some
approximately a 12% reduction in energy use and suggestions:
could save you up to $270 a year on energy
costs. Use the Home Energy Advisor to identify the five
most cost effective ways for you to save money
and energy.

Environmental Performance
Annual pollution from energy use in your home is Locate an Energy Management Consultant
equivalent to the emissions of 1.9 cars. Improving
your score from 7.7 to 8.7 would reduce your
emissions by 12%.

Find ENERGY STAR l|abeled products for your
home.

About Your Home & Energy Use [Edit Info]
About Your Home

Zip Code: 96801

People Living in Home: 4
Square Footage of Home: 2000
Home Built: 2000s

Electric Well Pump? Mo
Heating Degree Days: 0
Cooling Degree Days: 4401




ENERGY STAR Building Label

N

L

Normalized Benchmark Data

ENERGY STAR
Benchmarking Score: 75
Energy Intensity:
Site (kBlu/ft’-yr). 57
Source (kBtu/ft®-yr): 171
Emissions:
CO, (1000 Ibs/yr): 21,154

SO, (1000 Ibs/yr): 140

NO_ (1000 Ibsfyr): 34
Energy Cost:

($): 842,161
($/ft>-yr): 1.33

Indoor Environment Criteria
INDOOR AIR POLLUTANTS CONTROLLED?
ADEQUATE VENTILATION PROVIDED?
THERMAL CONDITIONS MET?
ADEQUATE ILLUMINATION PROVIDED?

Your Building

77

55

166

20,527

136

33

817,189

1.29
PASS
PASS
PASS
PASS

Professional Verification

Jason Jeter, Professional Engineer
Jeter, James and Jones Engineering
Street Address: 1701 Irving Street
City, State: Washington, DC 20036
Phone Number: 202-123-1234

F i ?Tﬂeééicnal Engineer Stamp

"Based on the conditions observed at the fime of my
visit to this building, | certify that this statement is
accurate.




Labs21 Benchmarking Tool
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2N Benchmarking Labs for the 215t Century Web Toolkit - Microsoft Internet Explorer

File Edit W¥iew Favorites Tools Help

@Back - & |ﬂ @ -J\_] /':JSEar(h \;E(Favnntes @ Media @

: Address |@ http: [ v, de. Ibl gov/Labs21 (StepThreeP 3. php

LABS FOR THE 21S5T CENTURY

> Data Input

2 Benchmarking Labs for the 21st Century Web Toolkit - Microsoft Internet Explorer

File Edit  Wiew Favorites  Tools Help

: @Ba(k - & |ﬂ @ -j_] /'.jJSEar(h \;}(Favnrltes @A Media &3

i Address |@ hkepe ) fwwa, de. bl gowfLabs 21 fSkepThreeP 3. php

benchmarking

= Indicates Reqguired Input

Data / Facility Information

Uszer
Organization

Facility chosen

YWear chosen

LBML

Lawrence Berkeley National
Lahoratory

Bldg2 -AdvancedMaterialLab
2001

General Facility

Street Address™
Location®

Zip Code (5 digit]™
Lab Use™

Lab Type™

Lab Category™
Mumber of Buildingis)

Gross Area (sq. ft.)"°

EOne Cyclotron Road |

[Berkeley, CA |

[94720 |

| Fesearch/Dewvelopment ‘

| Combination/Cthers V‘

|Cnmbmatmnf0thers V‘

Energy Use Measured Estimated
Annual Energy Utility Cost (517 !mlﬂ | (O] [ 3]
Annual Heating Energy (therms)™ |ﬁéﬁlﬂ | (O] [}
Does facility use CHP (Cogen) system? o S

Annual Efectric Use (kWh)
Total* [2526000 | ® o
“entilation IFI]D‘DD | [} [O]
Er?r?}:z:."?nzli;trnpus chiled water, if any) 22800y | o @
Lighting |460000 | (o) @
Process/plug |TSUDVDD | (] ®
Peak Demand (kW)
Total* |478 | @ o
“entilation [U | ) @
gr?g.l!:;’?nglz:mpus chilled water, if any) i—lﬂ < @
Lighting [I] | L) (O]
Process/plug [D | © @

System Measured Estimated
Peak Cooling Load (Tons) o] o) @
Awerage Cooling Load (Tons)

(Total annual cooiing ton-hours divided by ’U—| [} &

B760)

Cooling Plant Capacity (Tons) |5I]I]7 [O] [ 3]

Peak CFi

[Surn of exhaust, supply, and recircuiating ’I]—| (@] ®
fans)

Awerage CEM

(Swm of exhaust, supply, and recircuiating IU—| [ &) [O]

fans)




Labs21 Benchmarking Tool
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L

Analysis

Labs for the 21st Ce ry Web Toolkit - Microsoft Inte

File  Edit  Wiew Favorites Tools  Help © File Edit Yiew Favorites Tools  Help

: @Back T &9 Iﬂ IE] ,h /'_Isea"h “;.-\((Fam”tes @} redic £2) = ,: £ @Back - &l |ﬂ @ _':‘J /._"= Search \;'_‘f_(Favontes @Medua £

| Address i_:éj httpf fwv de. bl goviLabs21 {CompareData. php?LssrID=2

: Address |EJ http: f e do,lblgovfLabs2 1 fGraphing, php

I LABS FOR THE 21ST CENTURY

R THE 21ST CENTURY

benc benchmarking
Ch and F Criteria
Graphing Data
hlore Information
User LBNL
User L iOrganiza(iun Lawrence Berkeley National Lahoratory
Organization Lawrence Berkeley National Lahoratory :
Total Building BTU/sfyr (site)
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Cal-ARCH: web-based Benchmarking
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Capturing

Benchmarks with

esign Intent Documentation
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Design Intent Tool 1.0 - [LBNL Project Template for Laboratonies]

| File

| Inkroduction l ManagePn}jecchﬁl

Manage Template Fies |

UserGuide | Feedback | Help | webHomePage | &

i~ Design Intent Tool 1.0
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General

Architectural: Loads
Mecharical: Ventilation Syster
Mechanical: Chiller Plant

'
~

-

~

~ Mecharical: Heating Plant
" Electrical: Lighting System

" Electrical: Distribution System
™~ Electrical: Renswable/Distribut
 Process: Process/Plug Loads
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Operations and Malntenance

DESIGN B Design Intent Dacument I'ﬂ Cwner's Goals & Project Info | B3 Team Contact Info | @ Reports |

— Design Area Description
|T|'|'s area includes whole-buitding information or information pertaining ta multiple design areas.

Select Objective
ﬂ +{- Details | Chick this button to add, remove or edit Objectives for this project
Dhiecival Dbisciive Descrigh

Achieve high overall energy efficisncy

Energy efficiency is low energy consumption to accomplish a given task. High
overall efficiency is low whole-bulding energy uss (electric ensrgy, peak
electric power demand, natural gas, and any other Fuels) to provide a
labaratory bullding of a certain
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The ife-cycle cost of a bullding i its total cost over itz entiee life,
including design. construction, operation, maimtenance, renoswation,
and decammizsioning. future costs are discounted to present value foo
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Approach

# Decide how benchmark is to be used
v Choose type(s) of benchmarks
v Define “indicators”

v Be creative
# Measurement plan
# Clear definitions (e.g. “floor area”)
# Collect data (privacy issues)
# Establish filters & normalization methods
# Learn from “outliers”




Needs

N

# Considerable
unmet need for
benchmarking
presentations that
bridge the “physical”
and “financial”

# More focus on
component or end-
use benchmarking

# Growing
importance of peak
demand
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Moral of the Story

# “To define an energy efficiency
indicator is not only a technical
challenge, but also a pre-
structuring of the subsequent
policy choice.”

wAebischer, et al. (2003)




Correlation is Not Causation!
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Advice for Traders: “moon-trading is by no means a stand-alone approach”



